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Response Variability of Laminated Composite Plates with Random Elastic Modulus
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Abstract

In this study, we suggest a stochastic finite element scheme for the probabilistic analysis of the composite laminated plates,
which have been applied to variety of mechanical structures due to their high strength to weight ratios. The applied concept in the
formulation is the weighted integral method, which has been shown to give the most accurate results among others. We take into
account the elastic modulus and in—plane shear modulus as random. For individual random parameters, independent stochastic field
functions are assumed, and the effect of these random parameters on the response are estimated based on the exponentially varying
auto- and cross—correlation functions. Based on example analyses, we suggest that composite plates show a less coefficient of
variation than plates of isotropic and orthotropic materials. For the validation of the proposed scheme, Monte Carlo analysis is also
performed, and the results are compared with each other.

Keywords : response variability, stochastic finite element method, laminated composite plate, weighted
integral method, monte carlo analysis
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g A o] Aol 87Eo] i, o]d whet thre] djA o]
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9 7H2 Hesha, (R)WAY Sl O AzPEe e
2ol il Z3helre] FAA diskl Bad ¢ gtk
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Cov[U]= K;’E(Zz(Ak 4 +Ak, Ak, )

UU" (A +Ak, +Ak, )T}K;T (18)
A7 8 24 et i dE e AM TR A2
B5i0} A4k olgalok Atk 4 (18)4 Ak, U 3%

st ko) 44 s ER oE AF, =Ak Usl $&
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A7\ 52 3R BEAQSY FAReRA 5, =

3.3 4RASe Ao 2 A8 AIVS

AE2 (2009 AT Fo e FFase Feold)
w2} 2712388 (auto—correlation function) BE AFZAr
#8(cross—correlation function) & ¥}

R, (&)=E[s(x)s,(x)]; &=x,-x, @D

AR E=<&,n> & 185
of $3 7 Aol YxE X, X, o o] HeoHr) Jaes
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& vehlin, o 4% dadadsrt 89 F F4%
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4. TX|0HIaHA

2 dpaMEe A48 (crossply) % 23 (angle-ply)
oz wgd EdAzvd U3 4 Filo] EgAsg ¥
AE HaTxe] SHHEE AvEt ZRRe £% 3
old (fiber) 9] Wakol x-Z3 AX3AY A7hE ol Fw FH
2 7} o) AAA A5 W, FHA L FEZolwrt x-
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FHo® 37E F Uk 7| 2 AZEHA Y FE e
U B dFoae 49 ge FE ARSIT ARG R
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a9 29] JAFHL Graphite EpoxyE o] Fol Ega
FRoEA 712 AZ7} 2090 BEEB R, 6x69 84
Fo nd3igict. AeatF o AR FEENFS off
o7 2r g, S ol 88 IS A5 1/4 =Y
S "3itt. AMelM e BAAEA B4 (0/90)48) 433
el A i 2 AR Aol dsf nAstHx, 2% A
¥ (45/-45)48] AZ G oA AT} BIhAQ 739l Wi =
gt

B A ARG vle} o] FHE dE TAE
AERNFE & FEUWFoR] ASF E, E, 9 A A
e Gyolth ol59 #PE4 $1% E, =131GPa,
E, =10.343GPa 2812 G,, = 6.895GPacl", ©|5 B3
214=0] WM EA G (coefficient of variation: COV)& 0.1&
AR AT TolH] Ve 0.222 789, | 9 Wk
AGHAASF Gy, Gi3E 6.2055 GPaolth. Hue) 27 t&=
0.12 gaiged, old Buke] g4 log(L/1)& 2.39
2 7Y A7 LE& 72 BEAZ0|EA & dAldAe
2001t AAZRA 2 e @A A (simple support)$t 173
A A (clamped support) ¥ 7A%& 7M1, 4zl A
A7E AN SHAE(AFAF, COV)E BHe 39
A 27 29 AR SRR st A g}, AL SjAg
o) AFS A5t YT BHIIER A o] A, oo ad
Z77% (random field or stochastic field)2 44L& 54
ZAAA W (Yamazaki and Shinozuka, 1990)¢l 2l3lsd

3, ZBHTH (local averaging scheme) & A-&3 4L

340 FHIMTETES

=z& H21H H4=(2008.8)

Fasgc.
4.2 BEAA B3R SPASE A

4.2.1 €9 sd njAe FRBAASF Ve 4F

B dpdXe Faiee g BAS E, E 9 duiA
gedAs G, 5 BFAAERIFE neidla e ofF
Aol ZAake Vs, Ve, Vee, 5 A 79 488AE
agjstoiol gtk Y o|E A ABTAE ME FYol o}
sl A 3 shie Uer) 29 el ot 23 € 4
(23)e ViER uiel o] ARBAATE Vi €(-1,+1)°]
o} dukgoz Pz guhstE AARAAST -19 +1
AfeloA] ©zHEE Ho|EmE(Noh, 2006) ¥ ATelMe
ABBAAF S FA -1($A S ARFAH} +1(&
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E 19 ¥ FHE AXND AARALHNE 71202 YeRIch
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g a4 Aajoltt A9 £ F A4S BT 870l AAF
o] Zejol stk ZHIZIEZE A (MCS)9l 9 Zike $2d
S5t A 2 HAS Hole AATA S 13} 39 ezt
AAIBIA L.

seissE ARBAAR g9 gl whek ol gE Ve
Ha gou, ARaAAN) e ez vis- & Ze(D=3.0)
A nFe HE Hugke ARTAZE 19 FAHAAA
0.0997(0.1012), Z&la HAazke ARTA S 391 F4EA
o4 0.0502(0.0504)9) #k& ebirk (&3 & MCSER.
A AN & F e AL, THAAEE P49 B
o] A% gestze] Az D=394 FA3) WEASol
ZAK 2H(EA A E 0.1)S YehlE W (HA2, =8
A 1995; Graham and Deodatis, 1998), E3333e] 7%
seasterl AdE oz HA vepdE ¢+ Aok

SEdstEdA FHuigke vehlle 399 A9dAdH 1

T 1 AzAMeiel Fel
HBA YeE, Yeg, | YE6,(YeE, VEG,l 9&)
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2 +1 -1 -1
3 -1 +1 -1
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Fo] doAd ot sgster) g Aeg MgE £ 9o
o, ol Axe FH deAe] 739 ATl vXe 3ol
SRR T ARG AEE BT AeEA, B
HZgo| FAEA AFINE deH o $5Es HojFes
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o WEATE @l 7 F5U%] @A

012 -— e — —=
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| —©-—©~ 1 Wi proposed
| g 2 Wi proposed
0.1 ot 3 W1 proposed
P e 4 W proposed

. —&—8& 1-MCS
—Ae —&— 3-MCS

0.08

0.08

COV of displacement

-1 0 1 2 3
Correlation distance D {Log d)

(a) @&

012 — — - -
Cross-ply (symmetnc)

1 Wi proposed
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0.1 —A—B— 3 W) proposed
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~@ —@- 1-MCS

008 “HTA-3-Mes

COV of displacement
o
[on]
[+ 7]

-1 0 1 2 3
Correlation distance D (Log d}

(b) I‘U\I—7ixl
38 3 ool g BEAEEel gty
(@) Z4Ed, (b) HaHE
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9 ’8“?:17%101]“ dzac AP e ) e

MCSQI A% AL S
2 AR ok, A AFE A
% QAlghe 3E ol gk MCS7H Ak el vlslo]
2 @ Fi olfi A Mol 4 (15)94 e vk 2
o] 13}¢] Taylor A7kl % AehapEel] mhzolet. 7]
o BaHRIe) MEASTE 0.1 BEY A%l Al BE
g 9 2HE ANEE ¢ % dok ABWAA wh B
732 304 -13 0 Ale])oll= MCSY] A2} 0ol F 3
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A7y A5~90A el MY SERRE g 0~4571019) gt
EH"&IC’] & ekl sivt, o714 ZRzko] 0(Ee 90)91 73
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01 AA7 ae (0,45]9x 9] ABA Y 3ol A7} 049
#ETH AL A BEAFH] AR Bl v A%
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ERuiar ¢l
423 3% FA 4 AdAFY 4F I =
AP B S 71881 Reissner-Mindlin 392} 239 33
FAE AR AEE A=) 08 5 dehaglel o
& 367 Ykl BANIE10(+=0.1vs. t+=1.0) 5 &
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-1 0 1 2 3
Correlation distance D (Log d)
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0.1
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0
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Correlation distance D (Log d)
(b)
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I Angle-ply (symmetric)
I —©—Q- 1WI proposed
| ~g—=8~ 2 WI proposed
0.1 —A—~a— 3 WIproposed
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